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This report Presents the results ofa Study conducted by | 
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~Cpartrent, Date Control Lepartment, and Subsysten ¢ 


Department, 
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PREFACE 


This report {is pred fehecd On the performance | or ahr ale rrOcessing by 
EPI andebaped wqui *Prent, ard a @2scusaton is CRIP oT tequitements wateh 
arts te from this asourption. a —_ | 


Subemquent 9 the conpletion of UTD60 4b, Bt ¢eisr £9 ita fortal ree 


| a*Ase, numerous Sdvantegas decane evisen: in tre area of llelreg Bate rites | 
. t3rne date procescing © as OF pO 8ed. to. the exclusively stoundebaued ®pproach 


Jide rtancn in the Btisdyr, AS stated on Pace deo, *... ‘Hy "aalng Suitable 


a Accunpttins the comput LOr reqilrements can be Sirplifing considerably over 
Oo (thote resulting fron a Qifferar.e Set of assumptions, an fact, Some | 
| ®ppare ntly very difficult. ‘computer preblene appear to be avoided alncat 


entirely by ®PPropriate equipment design..." “uch eajor gains appear 
possible by, anorg other means, transferring ; Part of the data-processing . 


Sait ae hate La se hid- and valid in ite cwn Haat: sia! 


. fbe ascunptions cade in the: ‘Study, The report, is publi shed at this tine 


‘Witheut. ‘Tevisions, 80 thet it may te available for study at the earliest 
ate, The Study will be. ‘extended, and @ ftture LD Feport will be 
FUL lished on ep cycten comprised of both satellite-tor-e and round-tasied 
i8t Aer Processing elements. | 
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oi; , | _ _ WS-I17L_ ADVANCED SYSTEM a 

“er 7 | DATA PROCESSING FOR SUBSYSTEM G- 

aogt | 

& ao _* = SECTION 1 DESCRIPTION 

ne ey PRELIMINARY REGRKS - 

fh SO This report investigates the data-processing facility requires fcr the | 
e i — | bropases Subsystem G I: SBM precisior tracking-prediction systen. Such. & 
= . : ie is particularly appropriate as a logical successor te the investi- 
or ee tion drserited tn Lb Report 2905 + WicNTL CPM Tenceing Prediction 

; a : | accuracies from Ay [eeont (Ref. 1). That. aaa 
Se , _ : 43 cchterned with the ries using earth satellites equipned 

: as : ° . ith int rared detectors for tracking ICSMs during their burning phas 

ae 4a dilverder ts obtain the burnout con {tions of the missile with suificiens 
By | | . accuracy to permit. a Feasonatle ‘Prediction of its free-flight path. 
yl. : 

ph =) <The preciaton sracking-prediction, sycter envisaged ¢ consists ofa network 
a ae «(OF eatellites, each carrying an infrared search mechani sn and Beveral 
A = ae infrared trackers ror the detection and Frectsion tracking ev ICEMs,. 

at - Ut ether with appropriate er’ und data-processing equi pent, The completed: 
if : | sycten will have a- member of functicns. Three basic ones are as follows: 
“hk fe I a) beteeticn 5 f enemy tallistis. missiles by the ‘search 

a aera: ee ee : | (nequiestisn) gear as the naeat hes aha above the 

eS, 2: Sad : ee Lower. atmosphere. - 


(2) Tracaing cof each sisstie thus detected inane its 
. t irnieg Piase wits two or sore Sateilite-corne 

oS : ss ASrared tracners to Gttain precision angular 

. | wracking Gata. 


{3.0 tabs lation uf the : posits. om and velocity a of each 

nissile at turnout 4a order to predict tts resulting 

= oreseflligns trajectory. mS me 

« | . | | 
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| a nunber of other functions can also be incorporated into the system 


Ccpending upon the Sophisticaticn desired, Fer exanple, it may be 
necessary to follow the Predicted free-f light rath. Of each missi le. 
with in. rared trackers in orcer ty detect an additional thrust appliea : 
after initial burnout has occurred | Such a functicn vould. surely 
‘complicate the proposed Systen in general and the associated computer 
fuctlity in particular, We shall defer temporarily « detatléd study . 
of this ang other possible. functions of the ‘systen. ee 


In order to carry out an effective evaluation of the ragnitude of the 
Computer facility required for the Proposed system, it is necessury 


. te employed as this Pnase of the development is in an early Stage of 

— formilation . : It should: be enphasi zed that this investigation isa 

| | feasidils ty study ana that: suitable solutions to many Problems avait 
‘further study. : aa | - | 


The computer facility esscciated with such a system mst necessarily — 
be a very high- | 3 | 


factors, Such as the satellite reference system; the nature of the. se2rch- 
. and, ‘especially, or the tracking mechanism; the particular matheratics) 
formulation used, etc, By making Suitable assumptions the computer | 


requirerents Can. be simplified Considerably ‘Over those resulting from ; 
a different set of assuaptions. In fact, Some apparently very difri cult 
| computer problems *Ppear to be avoided almost entirely by appropriate 
_€quipment design. A nore detailed discussion. will follow. This -report _ 
| enphasi zes the technicues which offer considerable Simplifi Cation in | 

| the data-processing, and, at the Sane tine, (8re within the General 
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“ey 


of its development have not ‘yet been released by TBM. 
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Philosophy of the infrared Precision tracking-prediction system. Where 

—altertatives in. Procedures have deen Studied, their advantages and/ or 

| disadvantages are also pointed cut. : Although, in General, the computer | 
facility Frotably should not determine the develoment of the satellite. 7 


borne eq-iprent, any contributicns that might be made in this way to - 


‘Amprove the overall systen Should be carefully considered, 


the data-Frocessing facility vill be evaluated relative to the TEy 


ma STRETCH computer to the extent that this is possible in order to give 


@ better indication Of the magnitude of the Problems involved. Scnre_ 


information on STRETCH Gppears in Par. 4.5 although many of the details 


“systen, S8earch gear, infrared trackers, etc. A functional bloc. dizgran 


uf a tentative date Processing system is. given in Secticn 2 and each 


+ 


‘oh major block is discussed dn detail. After this qualitative discussion, 
She Proposed eomputer facility 44 evaluated in terms of the STRETCH 
Computer { Section 4). The report concludes with a general discussion 


of the wer (Section 5),. 


1.2: OPERATION OF THE PRECISION TRACKIIG-PREDICTION SYSTEX 


‘Consider a network of Satellites with each carrying the above indicated 


search and tracking mechanisms ang capable of Ccmmunicating throuch a 
data-link System to the data-processing equipment on the ground. The 
systen is illustrated in Fig. 1. The munter of satellites needed for 
Satisfactory performance will depena largely On such factors as the - | 
following: = __ : | 7 Ee | = 
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(1) altizuge and orbits o¢ the satellites, | eo 
(2) - Data-link netvork, including location ‘of readout. stations. 
(3) . wumber of trackers per vehicle. a | , | 
(&) Average number of trackers to be assigned to @ target. — 
(5) Average tine that a Given target rust be tracked. | 
(6) Estinsted “maximus” rate of ICBM launchings in the event 
| of an all-out enemy attack, ee - 
The "mast mun” rate of ICBM launchings is defined to be the average rate 


si ‘leunchings during the periad of maximum eneny activity in a timc — _ 
interval equal to ‘the average tracking tine ‘per. rissile. “This rate can: - 


|, be. expected to increase as Russia's capacity develops for producing and 


launching missiles--especially when e solid propellant IcRy beccnes. 
Operational, = ee “a2 = % 


‘In the stendby state (4.e., when. no heat sources are under ‘observation) = 


At would surrice tc have only enough search gear in operation t5 give 


continuous coverage of the region Of interest, The infrared trackers ; 
will be idle; however, some technique must be employed to ascertain - 


‘whether or not the. trackers as vel) as the other vehicle-borne units ere _ 


in sati factory operating condition. | 
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. When a heat source appears, as uieperated in Fig. 
to the ground master conputer. ‘the raster conputer 
es suitable. action ust. be taken.: 


could direct tvo or more vei. 
| Satellites tovard the heat source. 
. to. the master computer Tor Processing.” 
; detected, the master computer calculates 
“80 ‘that ePPropriate. defensive measures can be taken. 


LYSD-60 3 


Scanners will ovserve it and ‘send an lara through | 


analyzes the Search. 


data. to. determine vnether a missile has ‘cr observed. I: this is bo, fi 


mation ‘is votained, andy or after en appropriate time lapse, the computer 


icleeborne trackers fron different observing 


‘The tracking data ovtained is relayed 
When burnout of the Missile is . 
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2, 
ar ae 


1, one or uure svarch | 
the data-line network 


h : 


For exanple, after certain Staging: infur Ye 


the resulting ballistic trajectory. 
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SECTION 2 BASIC ASSUMPTIONS. 


2.1 PRELIMINARY REMARKS - 


As stated in Par. Lei, it was necessary to make & number of assumptions 


_ Concerning the techniques and equipment to be used: for. collecting and | 
| Processing data in order to carry out an effective evaluation of conputer : 
requirenents. In pert, use has been made of assumptions ina forthcoming 


report, LMSD-2059, First Annual Report; Feasibility Study of a Data 


the WS-1177, ) subsystem G (Ref. 2). However, 
the hature of the tracker mechani sn. has been changed in view of a con- a 





| siderable sinplirication of the data-processing techniques concerned. 


Q) The sophistication of the aysten with reference to the. 
functions it sust perforn 


(2) The extent to which sidinhciildadeae: procedural, 
and other--are developed to simplify. the data-processing 
for a a given set ‘of required functions ce 


_ “Bunber of missiles to be tracked in a. given time increases. A canmiter 
, facility that would handte, Say, ten missiles similtaneously would be 


‘considerably more complex than on @ designed to procegs only one missile - 


at a time. It is difficult to. estimate the maximum’ rate at: which the 
.. System would. have to Process data on enemy missiles; however, for the 

Purposes of this evaluation, the basic assumption is mzje that ‘the 
infrared Hreeision tracking-predi ction System will have ‘to Process | 


me ; « . a *  - -o- @ 
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Bissiles | at a rate of 3 per minute. This Fate would represent : a 
Portion. of an al} -out attack in which, | ‘say, 45) ICBMs weve suce 
cessfully lauriched at Jf rando. pars, a Loon inute interval. ; 


It is of the utmest importance that the rate of processing missiles 
| tbe epproximately equal to the rate at which they are launched. If, for” 
example, 45). missiles were launched in 15 minutes, and if dt took an 

average of four seconds to Process @ given missile instead of the. two 
Seconds assumed above, at “Lens t. pel minutes would de required to process 
all 450 missiles. ‘Therefore, some of the nissiles would ‘already be | 
*Pproaching their ap ahes petore any calculations could have been a Eade. 


With ‘reference to the satelite configuration, ‘the rodel assumed in the 
Gata-link feasibility study. will generally be used in this report ‘In 
particular, & network of 95 satellites Will be considered, with five 
infrared. trackers, per satellit Sey. distributed on selected orbits. The . 
| “orientation of. the verious Orbits 1s not critical for the present | 
evaluation. If it is required that trackers fotiow the predicted free. 
flight, paths of Bissiles, the total moaber of trackers needed increases 
considerably. The data-link report reasoned that a- ‘Configuration of D.C 
| satellites would be able to handle x missiles as an average rate of * per |. 
minute, This conclusion is based inp. rt on the assunption that cach - 
| vehicle-borine tracker Will be in & positicn to view two missiles ‘si; mule 
tanecusiy, This eerusption is not made here for reasons. Given in Par. 2. 5. 


Be SATELLITE RES REFERBICE SYSTEX, 


ihe infrared precision tracking-preaietion systes: envi sares tracker — 
or sechanions whose Freeision oe such that the angular accuracy of the cveral} 
| s¥sten is to. within 2.4 x ws 7 radians. Such precisica is of little value | 

‘ae less the measureme nts are Elven with respect ts a satellite reference 
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| Systen whose orientaticn relative to th ground ds icra very precisely. 


If the attitude of the vehicles were known perfectly, there would be no i 
protien Since,. in practice, - this will not be the case, sine technique 


will te required: fcr Beveraining aad a- reference systex: for cach 
Satellite. | 3 | a 


It ds assuned for the Present evaluation that an applicable techniqué | 
. exists, The Pp rticular method used is of Con-ern in this Study to the 


“Xtons ae emo puter Specifications are involved. One Possible real{. 


7 siticn of 2 2 satisfactory reference systen fror, the comput. Dy viewpoint 
‘is taxen as a cvasis for discussion din this. Feport. It is assuned that 
> the Satellites will ‘ordinarily be well stabilized although sone long 


term drift may be presen, tbe she satellite's position is assuzed known - 


' on the cround Tron. Subsystem BS slculations. Tyo reference ‘directions - 


“Fe deter: ‘ined by essi‘min: tw stor trackers to track di. fersnt known 


| stars, “hese to directions are sufficient to establish a unique coordinate 


systen; hence the angular . Reasurenents Of each. ‘tracker Can be iiven with 
reference toe . these. two directions, . If tese two. directions correspond to 


| coordinate axes, 2 third axis can be determined by a given cross Product 


of the tw ZO ‘associated unit: vectors. ‘While the two stay trackers: ere. 


| Since the rot tion of the ster trackers relative = the vehicles will 


probably be somewhat restri ected, communication must ve mainteined between 


the ‘satellites end the associated Ster trackers 80 that any long-term — 
‘rift of the satellites: orientations can be detected and corrected. It 
night te necessary, in this Schene, to have continuous star tracking 


from the time the vehi cle is placed in orbit to insure that. the reference 
System can be maintained as all tines since othervise even a srall 


” 
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unknown change in satellite attitude could make. the Froblem or cn 
out assigned stars. extremely difficult, : It is -ssuned in any evert 

_ that the resulting angular accuracy of. the Overall infrared tracking 
 S¥sten, including any errors in the perenne aa is 1.4 x lon : 


One area. a which considerable effort is needed. is iat the deaign of . 
®Ppprppriate search and tracking equipment for the Proposed tracking- - ; 


Prediction systen. The need for a 


data-processing facility that is as. 


completely automatic as possible | to’ handle the —— number of missiles. 


| computer. Decisions that might be 
be very difficult for a computer. 


be basically the sane as that. proposed for the. ICBM Attack-Alarn Systex. 


A complete deseription of this equimment 1s given in LMSD 


WS-11 fh Subsyst 


(Ref.. 2 3): ‘There are certain difficulties in 





nt if complete automation of the data- 


Processing is desired. | Hovever, this design will be used with the under- 
stending that a refinenent will Probably evolve : for use in the operational 
_ infrared, Frecision ai cleans ‘System. 


Briefly, the ICBM Attack-Alarm Systen provides for @ rotary radial scan 


Of the region limited et the cuter 
and at the inner adge by the locus 


edge by 4 degrees. above the horizon 
ee points 25 degrees from = vertical 


me > -=_* 
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i | | + 8xis of the vehicle. The fact that this Scanner does not observe targets 
i | in the conical region directly belov the vehicle would bea di advantage 
at times in the infrered Precision tracking-prediction System, but it is 


assumed that a complete’ coverage can be provided. The normal engular 
cnet, = OP ‘scanning rate is 12 degrees per Second, or, in other words, the scanner 
: | moves through a full 360 degrees in azinuth every 3 seconds. Tyenty- 
| Seven detectors are ‘used which allows all elevation angles at any one 
- ; a ‘azimuth to be observed almost. similtsneously. An angular accuracy of | 
<<  * about § by 7. minutes of arc (1.5 x 10°) by 2.0 x 1979 radians) 1; obtained 


in azimuth and elevation, ‘Yespectively, In addition, ‘the relative intensity _ 


Of the infrared signal 18 observed. In-Ref. 3 it was assuned that eight 


. intensity levels can be observed. in: this way, sone steging inforration 


a <e or is. ovtainea. . Knovledge of stagin- is Particularly important if infrared | 


eee eG trackers are to be placed on targets at eppropriate tines for obtaining ee 
a re “the required data. i a ae | | 

aie There exists a provision for sector scan in the ICBM Attack-Alarm Systen 

rial in order that a perticulay sector of interest can te examined in more 


Be. - detail. If, for example, 45 degree sector were being scanned, infor. . 


a cn mation. On & given. target would be available about every 1, ‘seconds instead 
oe og every 3% seconds, The: scan direction on each sector scan {s reversed _ 
ae .. @aeh- time the sector is traversed. The detection unit is also designed 

a SO that approximately the sane signeal-toencise ratio is obtained for: - 
ey, Ae SF _ targets: at all ranges, .-. ine 
| 2.4 THE INFRARED TRACKERS 
s | | “ It has. already been assumed that the infrared tracking System hes an 
a a overall angular accuracy of 1.4 x 10" adians, independently of the | 
ae ss 3 techniques used to obtain such Precision. -The mature of the tracking | ; 
| mechanism has a considerable effect on the coxplexity of the asscclated 
= ee te . computer facility as is shown in the cases..which follow. a 
4 , . : 
~ : 2-5 
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ee | Two tesi cally different. types of infrared trackers have been considere i i 
oe! — 

ne informally ¢ so far in connection vith this precisicn + traczing-prediction 
systen. | 


“SN 3 Q) The first ‘5 essentially s & search-type rechaniss: which 
Rare | | _ S8Cans a very narrow flele, protebiy.on the order of 1/+ 
 @egree. Tris type of tracker would be capable of 

collecting and relaying data on all targets witnin this - 
field o? view. If more than cone target were present, then, — 

. | | | presunas! y, it would be Prograssed to foll.wv, for example, 

=. Fs oO the center of mass of the con: dguration. ‘his is e6sene 

Be . . tially the eceen assuzed ae. the data-link seasiellicy” 

oe = 7 — report. .- 


| . (2) The secon ee of tracker considered is. one vith a field ad 
a | Of view Sizilar to the one absve that locss cn a given 

ye heat source and ignores all other targets. The Crientation | 
a, | 7 of: the haga would as determine the lines cf sais to: 

“The oe tyze of ee hes the eavantage that cata is. recorded o on | 
oe ~ all targets within its field of view which might help te reduce sosievhat 
a. _ the total number of trackers needed. iz the. fiela of view were. on the 

ae a nese of lfe degree, at 2500 niles a right cross-section of the conical 


pals | ~ pattern, it appears that two or more missiles could easily be observed | 
ne | | by a Single tracker. ‘Cn the other hand, when multiple ‘targets are present, ~ 
ade Nee Nee oe serious difficulty arises if a high degree of auturation is desired in 
the data-processing. (A sinitlar difficulty arises in connecticn with the 
search systen. ) Presumably, in this type of tracker, there would exint a 
a | = number of cells (forty 4s one number that has been considered) which . oid 


a : | be examined in some order. for the presence of infrared signals, . Bric fly, 


the problem is as follows: How is the data obtained cn Successivs cans 5 
to be associated? tr other words, sine technique is reeuired fer pre 
ie | | : viding a continuity of Gata on each verget present. If the mu:ber of 


se | | targets: viewed by a elven tracker vere. relatively scall,-a human erator | 
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cculd probably supply this continuity rather easily by cbserving an 
eppropri ate visual presentation. Kuvever, a hich-epeca mechanization 
of this process appears to be difticult with respect to a computer. 
The motion of the satellite in-its orcit, the continual need for 


redirecting the trackers, and the liaely sradual f< poration Of the 


| 7 missiles in Space would al} Contribute to the complexity of the. Problen. 


There voula be no guarantee, for exa=ple, that two rissiles would re. 
main in the field or view of a given observing tracker. Any difference 


7 .in leunchirig times alone vould bring about an increasing Separation | 
because of the accelerations involved. ie ; : . 


Essentially, a computer would have to associate on the tasis of some 


| eriterion of “closeness” the directions tO @ given car ™t that. vere 
” determined on successive looks of a ‘tracker. This cl-. ness is Sonevhat 
difficult to define tor computer mechanization. - One F sibility is that 


* 


the: Same target. This assumption Will be generally the case at the 
tracker data rate “essumed, (The argument. does not extend to the assiced 
_ Search geer because of the much lower scan Fate.) In fact, this froblen 


4s the data Fate assumed in the data-linkg Study and tn «his report, a 


relative motion Of the observer and target. Therefore, checks mst be 


made on how to essociate the data -nly when a target kas moved into a 
Gilferent cell. Presumably, a new target would be easy to recognize, — 


and the probability that two targets would change angular. locations : 


Sizultanecusly is Small under. ordinary fonditions; even 60, a Satisfactory 
check would not be difficult. | os | , 3 
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The secong’ type °F tracker, Which is assired for this investigation, is. 


target has. been found, ‘the trackers field Of. view. narrovs considerably. 


i? the tracker is always Centered C2 @ target under observation without we 


‘“Srpreciable error (i.e., the overal) angular accuracy is to within the 
assumed 1.4 x Oe radians), s+ Suffices to relay only the magni tudes 

oo the two angles between ‘the line of Sight. to the target @nd the tyo . 
relerence directions Plus an indicaticn of the target's location relative — 
9 the plere of the orbit. This tnforation, assuming ‘the Satelli+e's 


* Fesition is known, deterzines a unicue line sf Sight in Space, 


we 
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Ground. If this is feasible, the ‘trackers as vel] as the Search gear Gan 
Provide Staging information, 7 ; goss, si - 2 a 


‘The rate at which observations are made wil) affect the precision of the 


results of the subsequent. calculations, as Will the length of tine that 


«data is recorded on a given target, The size of the high-speeq Storage 


can be Predicted to thin “ seconds. The total tracking tine would thus 


be on the order of @ minute. It 4s assumed specifically that burncut can 


‘be detected by the trackers even at maximo range. ‘The intelligence to be. < 
obtained fron, the systex dininishos considerably if this is mot the case, 


The umber of trackers per Satellite has been taken a8. five although there | 
Seems to be no reason why this mu=ber could not be increased. rr further 


study indicates that this 1s indeed the case, the total number of satellites 
| Reeded could te reduced accordinnly. | ae ; : _ * 


are. The 1k looks per seconds of the infrared *rackers is also based on 
this 7-microsecona Pulse. On the Ground the data received is decoded on - 


the basis of it, arrival relative to this Pilse, According to the data. 
link report, » considerable ‘bandwidth advantage 1s Gbtainea by this. 


| Ke 


a 
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| f4rst lock at the problem.) the reader is referred to Ref. 2 for » 

Complete analysis; hovever, the ‘important characteristics fron the 7 
Viewpoint of the Present Study are as follows: the date-Link network . 
studied calls for one or ‘tvo ground readout tations in a northern | 

. location. ‘The data received at the readout stations is relayed imme. — 
diately to the master computer, ts a e. 


emphasizes that the data-link netvork described represents only a 


With regard to. the Satellite configuration, a subnetwork concept is 
introduced ‘dn which a ‘Single Satellite within range ofa readout 

- Station acts af ea relay for data from, and Commands to, a. set of 
approximately Seven Other satellites, Each satellite is equipped. to 


act either as a reley or 68 an observer, me rationale is that about 


One~elghtiocr all the Satellites ina given hemisphere; whose Pole is 


at the readout station, ‘ere on a line of sight to the readout Station, 
assuming » uniform distritution of Satellites around the earth. Under. 


Ground station. through its own readout vehicle, The Various satellites - 
ere Programmed to become Pert of the network or to de removed ‘fromthe 


os 


relayed to the observing vehicle by the readout vehicle, If there vere - 
| 96 satellites in all, those in tre Borthern hemisphere would form six 





ration _ 


(1) 96 satetrites are distributed an appropriate orbits 
| at an altitude of 1000 miles. : 


(2) One search 


€ach vehi cle ° 


The referen 


Scanner and five infrared trackers are on 


Ce systen is. Provided by three star trackers 


_ Co Satelitte Reference Systen 
02) 


(Of vhich at 
tine. 


least tuo are locked on known stars at all ° 


(2) Comands for the Positioning of Star trackers Originate 
On the Ground. | | . ee 


(3). There isa 
 +arift of ea 


ad. Search Gasr 
ee, 


Provision for the corre ction of. any long-ter-- 
ch Satellite's orientation. _ 2 3 


(1) A rotary-type ‘scanner is provided which sweeps out that 
region telow the vehicle limited by 4 degrees above the 


-  horizos, 


(2) ‘the ensular scanning rate is 12 degrees per Second. 
(3) A Provision is made for Sector scan on command: 
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(4) The angular accuracy is > by 7 minutes of are 
(1.5 x 10°3 py 2.6 x 19-3 ae | 


(5) Btent Anfrared intensity levels 


Pulse with respect to which the 
Oded. , 


7 e. The_intrarea Tracker 


(1) ‘The trackers are basically the 


(2) | there are five trackers 
- #412 be increased, if po 


-  {k) the angular. accuracy of 
a - the reference Systen) is 


(5) Infrared Signal 


b a 





intensity 


| Bele 
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Ld 


Tadians). 


is observed, 


can be detected, 


ding a Synchronization | 
ta received on the . 


lock-on type. 
Per satelii 
SSible.) | 
G3) the data rate 46 ini looks per second, 

the over; 
i.4 x 


te. (This number 
erall system { including 
10°" radians, ae 


| (6) Burnout can be detected even at maximum range. 


| MISSILE Systems division —— 


2a 


‘ ’ + Mee coe en: 
oe . 


SECTION 3 FUNCTIONAL BLOCK DIAGREM 
| OF DATA-PROCESSING FACILITY 


search: and tracking mechani ans, data-link network, etc., -it will also © 


‘be necessary to postulate Certain procedures by which the date is . 


Processed con the Ground din order to complete this intended evaluation. 
These procedures wil} affect the general organization Of the computer 


. facility to a Considerable extent, Many problems in this area need to | 
Se be studied thoroughly with reference to the functioning of the entire — 


considerable attention. ‘The first 1s to rina ® satisfactory Procedure 


‘for assigning a Given intrareg ‘tracker to a given target. The secong 


- 
- *, i Te ee as *.. 


’ 
7. ees nll ew 


when trackers should te 258i ened to tarrets and 55 Bolt fies the traczer 
‘assign-ent computer. Tt will te the Peszonsteility. Lf tha Mel to “Adare: 


an @lternatiy. Plan, h.vever, (Could te the following: | Trackers Would be 


&ssi gneg relatively-cerly in the burning ‘phase to determine the Plane or Pg 


otion at Which tine only a Single traczer need fslicy th? missile to ie 


turnout, It is i=portant ty fing effective Procedures which arc Qtiraceive 
fron the Computer's Vievpoint, — tere will 3180 ie “logistics” Froblezg . 
in the ®ssienzent of trackerg, - Tow Uses the Computer hanile then? 


“32 A PRopossy FUNCTIONAL Biome DIAGRAM 


‘In order to Organize better the rany Factors. watch ovcur in the fata — 
Processing they vill te related to the functions) block Marra: 40 Fis. 2, 
This Block Giegran as formulated RAY not be apps Cable to atl Gata. Pa 
Processing Procedures oe I t dces apply, however, t those desert tog in this 

report. First, a trier desert ption is Elven for each Ear blocs in. the 


1 c-Eputes . the coordinate 
lites! reference systens and 








2 =02itor-cons zer (uc) hes a muster Of functions ‘Mich are larsely | 
Supervisory in nature. Examples are &@S Tollevs: TRO MeC wtp} SOniter 


the infrared Signal Strength data relayed ty the Starch and *racding 


tar to look for staging informatisr, “Speclally barnsut. The Mec teres 


- *~. a : 
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Considered later in ‘the 
| Perticular interest, 








Computing in the data- 





(TAC) has the responsibility for mating — 


as igvments. Its complextty will depend upon the | 


Eree of automation des 


e tra: actor: Computer 


(Of missiles enticipateg 


Working at very high Speed to obtain mextmm intelli genc. from the systen, . 4 


Additicnsa computations 
for exaxple, the Programing Of infrareg trackers to follow the free. | 


report. of these three the last two are of 


ired. Three Possible realizations of a tac ere : 


(TC) has the ‘responsibility for most Of the . 


vent Syston. In view of the large number — 


in an all-out attack, the 71 must be capable op 


inpact Point, as well as certain inter. 
on the trajectory, a a 


be especially valuable for AICEM activities. aa 
that might be Considered essential would ‘include, 


3.3 me MONTTOR-COMPUTER (u.c)) 


Each of the major olucks with. the exception of the decoder ang the 

satellite-earth reference system computer wild ‘be discussed now in 
detail. The decoder is essentially & Sorting device ang requires no 

special ‘attention. at this time. - The. satellite-earth reference system 


: Computer could be a part of ‘either Subsystem # or the master computer. 


_ . In etthear case the function of this computer is clear, 


| Of the nurber of Computations involved in computing the coordinate 


translormation matrices 18 given in Par. 4,4. 


look at a target previously observed, This Problem involves remembering | 


the mimder and angular location of. targets Seen on the 


Freceding Scan - 


to Scan the Problem is far from trivial, ‘eepectalty 4¢ the process ‘is 
to te mechanized ( Particularly so if & scan rate as low as the presently 


: ‘S85uzed 12 degrees Per second is used). A human opera 
@Ppropriete Presentation unit woulg be capable cf maxi 
Gecisions 1f the totet number of targets were relative 


approxicate triangulation is Possible from the Bearch 
may ce +f interest to the MeC. There. Gzist necessary 
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Search data on cach missile mer fatisfy which Will help to provide th. 
needed continuity “f Gata on a given target. (This development ts cnly _ 
Partially cowpleteg and has not teen included in this Feport.) It appears 


that a ‘sati stactory Procedure f-, identifying end analyzing the above 


Scarch data: cag Le developed, This Problen may te Sinplivieg by Sn appro. . 
priate design of tha search ne chard en. The intelligence obtained Precy the o 
infrared signe} intensivy will ales help in diseriz inating between nissiles, 


.The Mec rust Getermine without delay “'.-. Her a Elven heat source under 7 


observation could te » missile. since 4 ICBM such as the Atlas has only 7 


about 3-1/2 minutes Of its povered Fhuse above the &tcosphere, it is clear. 


that e rapid decision is necessary, ~ACtion shoul orsbably be taker. after 


Only a few looks from a given search Scanner, Generally, a munter cr 

different observing Satellites will have contri buted iaform:tion on the | 
target concerned in this time irteraj - If. 46 18 determined that a missile 

-‘May-be present, the action taken wi) Gepend upon the procedures developed | 


for the data-processing, | 


The syeten should be flexible enough to ‘perms t. 


i changes as ‘it becomes Operations? Any intelli gerice obteined Tren the P gee 
System on enemy miseile teste such as characteristics Of the ‘Powered flight, ; | 

for instance, cen be used to inpreve the functioning of the data-processing 
‘fectlity, 7 yo 7 : —_— ee : > ad 


I. . Trackers Sre assigned to tergets relatively Late in the 
burning Phage yet scorn ecugh to include, Say, the iast | 
—4O seconds Gf powered flight (or Whatever rertog ds firally 
Selected), Since burns: times cannot b2 pradicteg @curately 
it would be Prudent to &28u~e that the everage tracking tine 
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: Zhe cuathenatiog) fornulation of techniques: based on ProCedure } re 
7 “pp ps fpr y “naa Wtatled statistical analysis 13 also riven, 
ae Corrns pont ing Tormulation {or tr, althugh 1t can readily ue 
coteined fron Ree. 1, has nt been Specifically fcormlated, Ghouta | 
: the latter Procedure also te applicable sane flexttility 13 offereg. | 
) vier the fumer, ‘ntad it might te developea in such a way as to retuce * 
‘the total Lumber of infrareg trackers needed. ‘2 a 


she ‘Procedure that is eventuall used WLLL’ be determined by the rea 


| Eissile as SOOk as they were detected and to use the data received to ; 
make a Runber of successive ®Ppproxinations to their taliistic Feths. Xo 
major ‘change is Tequired in the dlock diagram of Fig. 2 to accoun: fox 
the additional funetion. Probatiy a darger Dumber OD infrared traczers = 
and an expanded conputer facility wiu1a be needed, Ecvever, | | 
Since the mathematics fcr procedure ‘T Ras been develsped, that PPsceture 
together with the suggesticn in tie next Paragrarn, ‘sicmartses under 

” ‘Brocedure III below, Will be used as the basis tor the ‘S3ta-processias 
model in this report. | | a oe 4 4 — 





ty of the 4c 18 to deternine vhen. infrared trackers 
oho ld De d9RL med to tarcets. any int crmation Feceived fron the séarch = 
equipment relative to when thy: tissile vas firs: observed, and/or to 
weseible stectn, wtih ie C8SeRiial to this deter ination. In order to 
Sup pur the leC inthis funeticn, te ls Vested that en. HeC n8stin: 
a tye * racker to. cach heat scurce tra: an ndservins vehicle a8 800n ag it has 
; tern Cote rrtned thata ntsatic may be und x observaticn, Preecaur: IT] | 
14 She fy) loving: Leneral Plan for data processing @2tired as a =o¢el for | 
the. remainder Os" thig report : a | aw ae - 7 =e _ | 
TES Whee the mer Bas determined ten the search dita thar 
2" a “aS8Lin Tay be ‘“saer Chservaticn, & tracxer $8 | 
=88lenes to the target fron ene of the cbserving « 
Batealites, saat ticral treccers are Qssicred at 


82 eppropriat. tine as in Recedure F gn v¥der to. - 


i primary responsibil 


' Few the trackers ere actually S58lgned 13 the Pespensibility of the Tac; 
tals Is “e8crited fn Par. 3.4. a. ae | ; fe. 


| When the TAC notifies the MC that 9 Single tracker has been @irected to 
the Inticates target, check mist be made by the H-C to esctrtaic ag 
: well as possible wiether the tracker is lceked on the correct target, 7 
Tf t2 te net, ‘the Mec must advise the ‘Tae accordingly, An advantace of .- 


Search gear reperzs ‘45 the grcund, the line of Sight 80: indicated can be 
cunpares SFProxizately With tre ling of Sight. detersined ty the cbfervine 
*TRZKEr-to see Whether they GPpeer to intersect, , Such ‘a FroOl¢sure would 
Sas Rely to Provide the eontizatey, ay Search infcsmaticn relative tr a 
eiven “AP SOt : | ae | 
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: receiving this information the 0 runs through the following Sters 
immediately: — oe wee. 4 oe -. 3 
an © 5 er Check 18 rade to ascertain vhether the trackers 


tke gives trackers may need to be reassigned, a ee 
{2j Subsysten # information 1s processed to chtain 
. Satellite FOSiticnal Calculations for the vehicles 
Concerned and the transformation matrices | 
the ‘Satellites’ reference Systers and that used or 
the ground at a rate equal to the infrared tracking © 
: 4 


ea (3) 4 4PETCEriate block of the tenporary Storage is - 
. Téserveg for the inccriing Subsystem and infrared 
. Packing dare and the cotrdinate transformation | | 

_ Fatrices, | | = 


The Met's “Onltoring o¢ the infrared ‘signal Strength daca eo, detect 
Stasizg will be Qn additions) check on the accuracy of the tracker 


assigmerzs, Since Staging ‘Would nost likely not occur sizultaneously 


‘ ; : : ‘ | sr ' 
+ . - “ . ‘ 
: ~~ . , : 2 .€ vr ‘ ad x . ¢ ge oe . 
. * - . = - 
ore ~~. . * - aa" i « ‘ : * : 


en 
a . 
c 


} ts Lor tye Rissiles., ‘the rissile burnout Will be a rine) check on tracker 
. | oO assignments, Ordinarily, the !-C can “8S0ciate those traceers with a 
ae eee common missile uhich indicate sizultaneously tke burnout of a “1ssile. 
- she vehicle tracking data arg the coordinate transformation matrices 
a os - “BY be needed in ‘Connection with as MARY vehicle-borne trackers as are 


= 6B 8 Elven eatellite since the infrared trackers may be tracing different 

= SS a , a “i sissiles. Ther Tore, . the Sane Sucsysten, E recults, for instance, =ay be | 

| | used tn subsequent calculations ore then once. The total munber of ; 
observations required fron a Elven tracker for the subsequent Conputatiens 7 

. WALL depend upon the mathenatical Procedures to be used. In. this report, 





W239, burnsut Of a nisstle is detected by the MeC, the infrared tracking 
tata, the Subsystes-p “satellite ‘Positional @ate, and the cerdinate trans- 

- Tomaticn matr4 C€S associated vith that missile Ste trdereg free tre TS - 
arto the trasectory computer, The MeC irters the TAC thas certain trackers: 
are ava:latie for reassigznent, azd hotifies Sutsysten R that the rrecise | 


° 
7 ane 


; , . 
e - a . . 
‘ ‘ ; d . ; 7 ‘ : ; 
. « ¥ < . . ; 
e . . . bd * 
. “ . : > ’ 
s : . a. <. : . rs Py . . ee 
1 . . 4 . . « 
7 . 5 . . 
bd ‘ . ‘ : ; ‘ . 
3 . ie OE . o . bg . 
: : + 4 - ‘ A ee 
. ‘ . . ; , 
oo ’ ; 3 ’ 0%. og a a AS : ks , a e.ear.® eet 
ry : . 
| ON May ee 7 ° . AT Me iG ‘ 
: - ° , - as . 
. ; 4 , : 
” . . : bs P / * . . a : ; 3 > . 
¢ : . : . 4 F ft . 
. : * P : . PY 
49, x . * . . 
Pe 1 > * 
e, « . ‘ . ; . 
‘ a ; ‘ ; 4 


te | 
‘se 
i) 


LOCKHEED AIRCRasT COmoRaTEN — SEGRE 7 nergy SYSTEMS OIVIsions 


any additional @pplication c. thrust ("inking"), the 4-0 must remember 
| what trackers dre involved, end, most: likely, be Prepared to interrupt 


any normal calculations ia Progress to give pricrity to computing the | 
effects of an edditicnal thrust. : = a 


Another functicn of the data-processing fecility to be considered would 
be to extrapclate the powered portion of each missile’s trajectory baczvard | 

in tine to obtein an @Prroxinate location cf the launching Pads for arcro- 
priate. Countermeasures. Such a function would add littie complexity to the - 
conputineg system, in General, or to the MC, in particular, "ee gh 


3c4 TRE macKER ASSIGMENT COMPUTER (Tac) 


The. primary function. of the TAC 1s to assign infrared. trackers to hear. 


“sources when so directed by the MC. Its complexity with Yespect to. 


ry 
’ 


computer requirements will depend largely upon the degree of autccation. 
desired. ‘Three possible realizations are given in ‘this section for dis. . 


| cussion purposes: 


A. A visual Presentation of the search data ( basically that an 
ooh. |: 8¥8tem descriceq in Ref. 3) in whi ch human operators assicn 


 Fequest from. the M-C.. 


Ce. A three-dimensiona) Scale model Fresentaticn vith » Visually | 
 iaterpreted, real-time ‘Sizulation of the ‘Searc” and tracking . 
otservations Which permits Eran operstors tO =ake the Proper . 
tracker assigrm~ents (Sone of the functions sf she “-C are 
Lineluded here.)  # Oe : ha. : 


Bell 


ry 


Complete automation. - The third systen. offers ® nunber of. advantaces 
‘in reducing the ‘complexity of the sonmiter facility; hovever, . han 
‘observers are needed at all tines, A combinaticn of the last two 
Proposals would Provide perhaps a very ‘Practical Solution for a TAC. | 


Could also be shown. Operators woud make the necessary tracker 23s8igne : 
ments on the basis of this inforzation. The remainder of the data oe 
Processing vould be completely autcmatic, = So 


ion. Te the average launching rate of 30 missiles per minute 18 assuzed, 
as MANY as 120 missiles could be in the powered phase ata Given tice, 7 

Hence, as rany as 126 indications ce targets could be on a display Sta = 

_ Glven tine during en atl-out attack (and ** 48 possible for all of these - 
S indications to Sprear on & Single éisplay Should each Vehicie have its © 


Own display Unit). It woula te necessary tO assigem trackers atan 
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average rate of one to two per Second in this case. . These considerations 
togcther with other couplications arising; ~Ut of the presence 9.” Lony 
Rissiles at one tine Support the contention that @ more Sophisticated ah ci 


| five trackers on @ given satellite ena that -this Particular vehicle is . 
_ observing & munber Of miasiles Of which, say, six must be assigned trackers 
imedtetely. re does not appear Gifficult to command the Vericle to assign | 


_One tracker to each of five of the six targets. However, the sixth cissile 


must be assigned @ tracker fron some other observing vehicle, ‘The Problen 


indicated by its Scanning equipment is the One in question? . Calculations 
| Of the diatences between the line of sight to the sixth misstie from the 
: first vehicle and each of the lines of sight from the ‘Second missile would : 
ordinarily indicate which target under observation by the second vehicle. 
is the one ‘tn question. The problem is not trivial, especially if a mimber . 
of targets are in the seme genera) area. _ : a a 


A third Problem is to formate an effective Procedure for directing a a 

Given tracker to a given target using the search ‘information. Essentially, : 

this means directing the tracker along the last line of Bight to the _ / 
target indi cated by the Search gear. Some refinement is. necessary, however, 
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as the. search information ray be severa) seconds old. It. may che that the 

inves: ‘igetiin menticned eerlier (in Par. 3-5) of conditions cn the search. 
data for a target. to te en ICEM will yield results Which can be applied te 
this ‘Perticular provlen, | . | 


‘In erter : to make satisractory. tracker essigments, the TAC =ust determine 
‘waleh ‘observing Satellites Will be vithin sight of their respective targets. : 
| until burnout occurs. . This means that Subsysten H wiil. kave ¢ to supply 
Int crnation «n demtsnd ¢ Reerning the Greits of possib: — chserving venteles. 
‘Ths teforzation shuld be readily avetleole since the satellites will 
| presimebly already have been Prograrn-ed with reference to the ecristantly | 
Chansizs’ Satellite subnetwork Sonfiguraticn. | a possible procedure for | 
selecting: infrared trackers vould de eizply to use traczcers on those 
- satellites Slesest to the. target. These ‘Satellites would be indacated 
| roughly by an exazination of the elevation | angles of tke targets at the 
‘Varicus '-bserving vehicles, | This procedure. is Frobably BA oversinplizseation, 
: hovever, as Problems in the assignment cr trackers will erise as systen 
‘saturation is. approeched., A careful analysis of the situation is needed | 
to aeternine the number ‘Of trackers required. If the tupply of trackers 
were sufficient, many of the above Problems vould be essentially 80lved 
in thes. _ trackers could be assigned: immediately to targets @$ they core — 
into view ang could Tollow the missiles to burnout. and oe if ee 


ane ae 


Calls fore pate einen Scaled, sateliite-earth cont guration witch 
isulates in real tine the etservations | Fade. oy: the infrares trackins. 
a - prediction The lines o: Sicht beter. n Fatelli te. 7S and cctscrved tare: sts 
Are inticea: 3d by beers: oO” Lent. 
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TL a Beale Of 13 miles per inch were used, the U.3.S.R. end her Batellite 
neighbors wold &ppear as a Porticn of & spherical surface vith 2 radius . 
of abproxirately 33 feet. he portion in question would neasure @pproxi-— 
wately 535 feet by 20 feet on the Spherical. Surface. Any topographical 
features desired concerning the U.S.S.R. could be indicated cn the nodel, 
Certainly, kn-am and suspected Rissile launching sites should be marked. . 

 Oroiting Vchicies &t al altitude of 1500 niles vould trace Out paths on 

" -& Rear SFherical surface or ®2 approximate. radius of 41 fect in this Seaic 
mie] (8 ‘Leer above the model's surface) ° Since satellites et an: elti- 
tude of 100) miles could be scanning enemy territory trom a considerable 
distance ‘away, nearly a hemispherical surface would be ‘Needed in this -_ , 
Simulator to display the entire region from wh: ch orbiting vehicies } could | 7 

_— ObBervE activity over ‘ussie. If other areas of the earth vere also to be 

_ Scanned, fer example, ¢5 guard agatost ices, ‘the model vould beve to he - 

enlarged correspondingly, i. ate * © gee 


| ~detween Search end tracking beams, if necessary, or even between @4fferent . 
‘trackers. Coservation points vould have to be constructed 60 that no 
. interference occurred in. the operation of the systen.’ A nunter of operators 
: ‘would ‘be needed, . each watching a Preselected region. Perhaps more than One 
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his parti cular region of interest. to previde more tonplete Close-up invor. 
Mation. Fach Operator would also have before him a pane) indicating which 
Savellites were in a POSition to scan his assignea regicn end whether cach — 


“associated tracker vere Adle or busy, Since a given’ vehicle vould Protably 


approached. A master Control with an override Provision night be a - 
SOlution.to this difficulty, : | —— — 


| A-plaugidle Procedure to be used in Operating the above System in. everit 
of an atteck is the following: AS &@ target in a given Operator's region 
is Picked up by search ‘scanners, one tracker: is immediately essignei fren 
ONG. OF the. observing vehicles, An ICEM would appear about an inch off the 


| surfece ef the model, end burnout woulda Probably occur roughly 15 to 20 


| Peasonably uncomplicated. - Tf.a@ given hess source vere & cloud, | this fact ae 


should not be difficuit tp, establish by the operator, and the assigned 
tracker wou1g be released. If. the heat source vere, : in fact, a missile, | 
an indication would be given to tie operator at a predeterined time. Ta 
' or more trackers vould then be assigned to the target by the Operator. ‘For 

. Greater flexibility the munter 8ssigned should be variable, The tracking. 
light. bean vould be a steady bean, while the Search indications woula 
probably consist of short. flashes. Tt should not be difficult, hovever, 
to pick out inmediately other satellites observing & given target tn Crder. 
to make satisfactory tracker assignments go Fie - : 
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believed that the Proposed or a « 


| Presentation vould enable operators. to 
"Concerning tracker assignments. The complexity of tho Problems of the 


intlar shree-dimensiona} Visuz} 
heke rapid and accurate decisions - 


| existing tor a conpletely automatic mic, In the event that an autcratic 


TAC is developed, the above Visual display woulg Still be of Considerable _ 


Value in making a guick Check on the functioning Of the Sys8ten. - 


Precisely what: infor=ation 4, stored, end how and when it enters ani 


leaves. the 73, Will depend upon the data-processing Procedure finally 2 


used, 


The eize of the 13 iis, again, 2 function of the data-processing Procedures 


Relative to Procedurs ITI, the TS would have to be large enough to 


store all the intcrmation On the estimated maxt enim number of missiles to 





a tod 
%- 


data reaches the Tr, For instance, | after Procedure III of, Fer, 3.3 all. | 


~ the Subsysten £ and infrared “tracking data ‘and coordinate transformation 
matrices @Fe stored in the TS until needed, When a missile Carccut’ oczurs, 


(6) The Programming necessary in order toy i 


trackers to rorio, the ballistic trajectory, 


(7) Estication of the effec 
‘thrust. 


(8) Coordinate transform: 
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a. “A rough analysis or the First. four ttens Telative to procedure x 


Of Par, | °3 appears in Ref. 1. Mathematical rrocedures are for=ulated 


"im that report for effectively using en, Precision tracking date, Con. 


+ 


directly to the 3 are considered, 


(7 Bee Sechnigués vere ‘developea in Ref.) for eetizating missile Positicns 


in space during she Powered. chase using the precision *racking ceasurenents, ; 
oo If there were no errors in ‘the infrared trackiné-prediction 8ysten, the. 


Subsysten F tracking Of the vehicles, ete, and it is unlikely tha, an 2 
- intersection of the lines of Bight woulg exist. Therefore, Scne estinate | q 
or the target's Position 28 required. One -chotce is to take as an — 


“ 


be considereg {3 erder to Continue the 2Rtendeg computer evaluation. 


“In this retheg the missile’, PSI tion in ‘space at any tine during powaxee: 


Bs (yt DT eg Mie Agee 


(K) » >. (KD, 
Qe] ny 


*~ 


oa 7 a 7 / | | K) me E: M2) (27] a 8 





Oe eas ‘thertial coordinate Systek. “The clenents orqz.) end (R) would-be - 
| the eDalvalent of, say, bounded Tive Cecinal a3 git. nunbers. ‘The Value 
(OLN would. probably be variable in the Operational Systen for Greater. 
flexivanity, ‘From the: standpoint Of the maber o¢ calculations. involved, . 
10 fe desirable to keep B small, aay, La cr ‘three; hovever, it has been 
shows in Ref. } thet. the estinate of the target's position inproves _ 
considerably with: XN. Ca the other hand, the munber of Wackers available 
: per niesile in ‘the evere of an aoe attack may not, te 80 large as would 
= be desired. 


‘there i vould tis be coordinate en involved vith the 
infrared observational data (the elenents of (2) ), since thts data is) 
taken. in the satellite's reference. fraze. The ‘Subsysten g tracking data 
(the elerents of. (RL) ). could Probably arrive at the master computer in. 
the desired forn, te, Slven oe respect to. the inertial reference, - 
systen used, | | i. re 


may ‘not be determined. ‘URtil after burncut occurs : Cnce a ‘Suitable | 
Polynomial has been fic ted to. the Gata. the estirates of turnout position 
and velocity. are found by oan the polynomial and its derivative 
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a ® 
’ 
j 
. : 
: . 


Pe et oe at the burnout tine, ‘These estizates ere given respectively ty _ 


- (ry (2) «5 fa) Ps (1) | a 7 (2) 


- Or (2) tas (ay) Py (11), ae) 


Where 





me oS 


Rere, the prize (*) inateates differentiation vith respect to tine: y fs 
the number of cate points; Pis the degree Of the &pPproxizating polysomial; \ 

| axa T 4s the burscut time. The natrix (x,) represents the euccessive a 

_estizates of the missile's position, and’ the P, (n) are a knowzi set cf. 


The plane of the free-flight path of the missile ts readily and accurately 
“ determined by the center of the earth and either the successive Positions . 
| ‘obtained along the povered ‘path or the burnout conditions. A.sumics thet 
Sophisticated launching techniques are not developed (that 18, assiming 
the rissile roves in such a plane for the latter partion of its. powered 
Ftase),- then ®5 vas shown in Rer. 1, the use of the positions alazg the 
povered portion of the flight, obtained fron equaticn (2), give the better 
astizate of the Plane of notion. ‘Krovleige of ths Plane ‘of motion will “te | 
parti cularly imrortant for effective ICBM defense | measures. : | a 
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Xe arenze y : fe. ay (4) 
the least-square estinates Cf the Paraneters # ard Db vere derives in 
Pet. 1 and are respectively: | an in 


- 





Where the Summation {n each case. anges over the date points 9, Lac. ., i 
Mel. ™e Xo Ye and Zz, represent the Cocrdinsses of the target cdservea a 
Qt ‘the. Successive positicns along its povereg Path, — ara 


=stion, Would be sent immediately to ao appropriate anti~nissile missile Site. — 
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At this renote station « snaller special purpose couputer, Probably an 
Pe . “analeg device, would supply the necessary extrapolation. Of the free. 
. a : flight path for defensive action. Since @ minber of Cutlying Stations 
i ee Would likely'te avatiable the COmp.ting loed at any given one should 
er "Rot be Cxcessive, — a 2 = a ae ae 2 


In this report Gertain eqiations of =ction that have already been pro. . 


o Gramced for @D existing Computer 7111 de assumed es @ bests for evaluation. | ; 
‘These equations do not give, at presen. (‘the precision tkat Vill be = 
‘Tequired 12 the Operational systen; hovever, ‘they suttice for obtaining. . = 
the estinate of the ruzber OF calculations needed in Par. 3.4. a 

‘The COMpitations requires for progracning the-dnfrared traczers to follow = 


the ballistic trajectory have Not yet’ been studied, Certainly, a con. a 
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SECTION 4 QUANTITATIVE EVALUATION. _ 
(OF THE COMPUTER FacuLiTY —_ 


The Preceding qualitative discussion of the. data-pr cessing facility 
required for the infrared tracking-predi ction Syaten is Ceveloped in _ 

_ this section in a ure quantitative form. Such questions: as the size | = 
Of the high-speed Renory, the estinated total ‘munker Of computations 
‘involves, the dsta~mocessing rate, ete. vill be (Cxamined urder the _ 

‘ NAY essuiptions prevrously eee. _ era } 


To present a nore distinct Picture of the magnitude of the problens 
_ tavolved,. Par. 4.6 indicates hov the fyi STRETCH computer intght, be 
used fn the proposed Gata-processing facility. Although this pertic. 
_ Uler coeputer mey not be used, it 4s believed that. machine vith at. . = 
least the capabilities of STRETCH will be required. Most of the ine | 
portant features of STREICH relative to this study have been taken : 
fron a Faper by S. WL Durvell entitled "Design Objectives for the YEM 7 
STRETCH Cocputer, * (Ret. 4) to whten the Treader is referred for aagi. 
. thonal information. Tt. 18 emphasizea that the numbers: and other charac. | 
_ teristics Given regarding STRETCH ere design objectives era that some 
-_ changes may be expeeted in tke ‘Operational. system, A rcre complete - . 
| evaluation of its epplicability to the infrarea tracking-zredicticn 2 
. Systen will be possible when the ‘@ppropriate information, 1s réleasea 
by IBM. | | | . 
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|, ee 2 Vessice STRICT OF THE  VERICLE-ORIGINATED 1 rat, 


In the data-ling netvorg assimed ‘for this evaluation a Syochrontzetion 
pulse Focvided. by the vehiele clock is sent: every 7 milliseconds, end” 
| ane at imi othe ‘ean oo te ante of S80 tine we ge 
ee LL pela: ive to this Pulse. Using this. assu=ption, Sn cutline of @ a te 
- | - «=. _ possible hessage structure, « simtler. ‘to one Given in the dataclink 
i a eee Study, can be made. Is ® 7 rilltsecond interval the assed Search 
as 7 equimen: would, traverse 5 ‘ainutes of arc, that is, the. anculear accuracy 
7 Ain azizsch, During This time each of the 27 acquisition detectors | 
, is Sa=pled and. the Tagr tude of Qny signal is noted . also within thts 
; Same tire. interval the complete oriertations of. the five trackers, a | 
well as the magnitudes of the Signals. observed, ere given. in addi: a | 
a data is. transmitted cn the current Cperating status of the equimens. -. a Ss 
sand for Wetever message redundancy i# needed. an CO at the? 
number cf binary digits involved in such P "wage 18 obtained in the 
: Tollewing ; manner. A. four-digit binsry. murber Provides the synchront- | a 
zation Pulse and indicates at the Sane tine the satellite ‘Mentiticattca, 


| ‘Three binary Aigits surfice to indicate any one of. reteee intensity. esate 
| for each of the 27 Getectors ia the search gear. Two 15-digit mubers 
(5 acetmar digits each) indicate the angles betveen the line of sight — 
to the target and the: ‘TWO Gfrections. deterniined by. the star trackers. a 
Another etet gives the. general orientation of each tracker with respect 
to the plate of the satellite's ortit. ‘Three digits give the Anfrarea_ 
Signal strength observed by each tracker, Perhaps four at sits are —_ 
needed fcr indicating the current oferating Status, and anther six. 
“are used for message reccndancy as auggested by the data-link feasibility. 
report. This gives & tetal of 265 dinary bits ‘that it =1eht be necessary 
: - tracszit nore each 7 ; =iliisecond interval for each observin.:; vel. ‘lcle 


he 
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Tf no targets were under observation, for instarce,. the number or bits 
actually transaitted coula be corresponding]y reduced. An ‘illustration 
(Of ‘the ECSSage Construction is given in Fig. 3. 


Since as TANY aS 50 satellites 


(Sitack, nearly 2,000,000 bits per second coula be arriving at the master 
Computer for Processing fro : Whe targets are being _ 


Huster computer, Each ‘sa 
7 olnary diczits,. : 


re Ccnsider, 
, tha: c= -29 Satellites vere actially tracking = 
‘‘arects. Then, approxinetely an additional 59,500 bits or: information 
| would be arriving at the Ccnputer each second which makes a. total of . 
2.5 x 10° bres Fer second. 3 2% s | 


efficient. Gata-hantline facility is 


tellite positioral — 
moibers. ofa total of ig 


‘Fequired. the decoder and nonitor-computer are reaponsi sie for the = =. 
majority of this Gata-handling, The decoder will recognize the various —— a 
| Parts of each nessage, search data, tracking data, equipment operation 
inferaition, ete. and Will send each pert-alorg vith the satellite iden. 
tification to thé’ unit in the Mec. che ‘NoC.Will have nany 
the disposition cf thig incoming data which, - 
of computing. 4 considerable portion of its 
Will te devpted ‘to: Sending the infrared and Subsystem #4 
: ton matrix ealeulations end fron 
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433) TE Tepor:ry siee-ce REQUIREMENTS — 


‘Ite data-processing Procedure sintlar to TTT ye 


encunt of date must be available for Frocessing 
Size Of the hich-sp:od Lastory unit needed cen be 


hey euch information rust be Stored. Such information would include the . 


following; ar 


bad bic : * 6 ‘soe we wt so. *. 
. 
« 


- GY seteliliclearin coordinate treasformats, 


LMSD-60 3), 
re used, a considerable 


et missile burnout. The 
‘estizated by deterninin.- 7 


~ is 


. Under Procedure ITI, this data is required for the bo Seconds prior to | 


burnsut, 1.e., for a total of nearly 60>) observations at Tih Looks per . 


Second, Each infrared *racker heasure-ent would con eles 
and the: tracker's genera) Orientation relative to the plane of the Satel. — 


available trackers (and satellites) are Occupied. re ro. exanple, 99 
trackers fron on Satellites were ir use (trecking, say, 3) tarcets), and 
Af the data rate vere. Ue. looks per second, ‘then, during a ko secong - ae 
' Antervel, Spproxinately 49 x 10° bits (ls) (ey, (23) (45) © (20) (144)] 
(5762) would have fo be stored. this. secuns of data can be stored by 





costo 
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| that, under the data-processing Precedure used, the observational data 


H-C can ‘be made, however, end a discussion of this point eppears in ( 
Par. 4.6, ~2° | es | 
With reference to. the 7, the mmber of Andivicual compstations required 
_ | ‘WALL depena strongly upon what functions are Performed and on the Pros | 
. Srameing of the data-precessing Procedures for the computer. For the 
Present evaluation corgideration wili be Given to the necessary compu. 
tations for the following: = 2 
(1) Transforming ‘the infrared tracking date fron each 
Savellite's reference System to the inertial reference 
System used on the ground. - 7 —_ | 
(2) Determining the murerous Position points @long the 
_ Powered portion of the fight. | | 
(2) Calculating the surnout position and velocity, - 
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(4) Determining the plane of the missile's free-flight path. 
(5) ‘Computing the impact point and, perhaps, a few points . 
Of the ballistic trajectory. me | , _ 
NO specific estimate is made of the mmmber of. calculations needed for | 
| determining the location of launching pads; for Programming trackers to” | 
follow the free-flipht path; or for computing the effects of an additional © 
period. of thrust. With respect to Percentage, the first and. third ok | 
"these tasks would add little to the numberof Tompatations needed. ‘The 7 
second: function’ has not been. studied. trom this point of view. oe — 


- and no attempt was made to consider logical operations or to develop any 


| "shortest" program, ‘The following list of synibols is used: 


. We Average number of trackers assigned per target 


mghout which date is required). _ oe 
pe Degree of the &pproximating Polynomial to be fitted. | 
| ‘to the above data points —— ek 3 


i: the above. five functions are as follows: _ a® 4 = 

. Function Number of additions Number of multipli cations 7 
ob er sae 7 aM 
See Oo M18 + 48) 
are) rs 5M  “ © 5" 6 : 
(5) 0 —. 650K 860 k ae 


Total (27H + 6p + 22) M+ 850 x CBN + 6p + 65) M+ 860 x 


be 
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_ Ut, for example, 4 - + P= 3, M= 5750; and x <0, approximately 


714, 000 edditions and 606,000 multiplications are required. It is 


example are used in the determination of the 5760 Positions. along the 
~ ‘powered Path. Changing N by. one, for instance, (t.e., increasing or. 


70 Percent of the additions and of the subtractions in the Previous 


_. Saleulations needed. The effect on the probable errot in ‘the burnout 
Velocity San be estimated as. follows: Tats error in bumout eae ° 
. dg Proportional to “= - oo | . | 


* 


not quite this sinple, hovever, ‘Bince a number of factors mus* be 
Considered. fr the. trackers employed were not of the lock-on type ) 


‘Mentioned earlier, to mention one such factor, a Telatively small date 
rate would make © problem of Providing Gate continuity on a Siven 
> target much more difficult, It ds apparent that & suitable compromise 
Will Have to be made, Se a er 


he 
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The STRETCH is a very versatile generai- purpose computer woes estimated | 
Operating speed on typi cal techni cal applicaticas will be on the order 
_ of 200 tines that of the fastest ‘General a. computer now in u use. 


: the tomic-output section will include such n devices as the - following: & 
Magnetic aisk memory of one million. ‘words capacity ca capable of ‘Commnfcating 
with the computer at a rate of one word each 4 microseconds; high-speed. 


Magnetic tape units; paper tapes, etc. The systen will. te capable of 


7 ‘Sperating ch-line with mramerous ana nalog and Atgitar devices, 


_. The arithmetic Unit is a very high-speed device. The basic time for addi ti 
and subtraction ia floating point. form is 0.6 microsecond. Multiplication. 

- and division will take 1.2 mi croséconds. Approximately 0.2 microsecond - 
must: be added to each of these times for each data, word transferred between ” 
the. core. memory and “the arithmetic unit. The word. length is Gomeidarably 

‘Greater. en that of most. ——- computers, ' 


‘The Second class will be. Provided in units. of 512 « words: ‘and will have a. 
full cyele ‘time of: 0.5 microgecond, When reading from thse two memories 

@ word will be ready in 0. 2 and 0.2 microsecond, respectively, ‘Multiple 
| sections Of each class are planned 60. that each section can operate con- 
currently with the others. “Ultimately, ¢ the design objectives of the 

STRETCH System call for a Tandon-access menory Of one million words capacity 
~ and-an external memory -in the form of magnetic disks and tapes with a- + total 
Sapecit *Y Of up to 100 mi21ion vords. ? 


9 


/ LOcHHEED AIRCRAFT ConPoRATION  SEGRER 7 S MISSILE SysTEus Drsion * 


. \e ee oa 


ew 
a 


f i -. +e 





| microseconds : Over 200 | seconds would be heeded to perform the calcu. 


dations on 9 singie missile that must be made. after burnout occurs, If 

_ the data-processing that must be done prior to burriout is also considered, 

for the assumptions of this report ( Chiefly, that 4.50 missiles are anti. 
-. cpated in 15 mimtes) perhaps an average of one .TEM 709 Computer for. 


The. IBM STRETCH computer, according 


to: its. design : Objectives ( which it 


appears are being met) » Offers a Possibie solution to the physical | | 
. Fealization of the data-processing system. - The number of these computers. 
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Occurs, Assuming the basic rates of addition end m2tiplication stated 


+ for, the STRETCH, a Single computer ‘ould: Probably: peritorn only the -- a 7 


" \SAteulations required on Single missile arte burnout occurs. re 


ange task. this , 
8ssigni 


IN Ie ee 


hey 


eo ‘¢ .@ 
ies OSes teeny 


2.5 X10”. vies Per second would be arriving at the Canputer facility. for 


directly to ‘the tenporary Storage, There shoylg not be any diffieultics 


. = >: 
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The Processing of the Search data W111 involve sone computing, but there 


&ppear to be'no serious Problens, If, for example, -@ach of @S many as 


| 3x Satellites were observing the assumed meximri number of ICBMs, whieh : 
would be ‘nthe burning phase at a Given tine (approxinatery 120 for this’ 


Of a data~zrocessing factlity for the infrared recision tracking: | 
Prediction System under the ‘assumptions of this report, One computer 

_ Would’ Pertorm the functions of the trajector; Computer while the other - 
would do the. remaining Processing, The two machines would be connected | 
through the input-output units. One. Of the important design objectives - 


Of the STRETCH calls for the Operation of the computer On-line with Other » 


analog and Cigital devices, — 


| if sufficient ferrite. Storage were ‘not available for use-as the temporary a 


| Storage unit, it might be POSS! ble to use the magnetia disk memory for 


_ thts purpose, me Rccess sreed and capacity are sutis“actory; however, 
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_ SECTION 5 CONCLUSION _ 


2s. . oa SWOURY OF AREAS REgUIRrNG FURTHER sTupy 


In this section e list is Presented of Some of the . 
Problems and coments relative to the Cata~processing ‘facil:ty for © 


more important 


(4) 


. — (3) 
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If the infrareg trackers. are not of the lock-on type, ; | os | — - > 


8 Situation exists whieh ic Similar to the one described 
dn Problem (1). the data-processing Problems are wore 


‘Procedure must be developed for making sati sfactory tracker | 


assignments » The 


pr 
. SOlve any "logistics". problems in @Ssigning trackers that 


might arise @8 Rystem saturation 18 approached’. . 


doL 


(6) 
(7 


(8) 


(9) 


| (10) 


(11) 


possibility of using the computer facility for Subsystem £, 
Subsystem F, or Other applt cations. | ce a 


a~2 
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i Characteristics of the burning Phase, including Stacing 
g. Wiether OF not trackers mast follow the free-fli ght Psth. a 


in this report ean indication Of the ord . | 

 involyea has ‘been Obtained. ‘me Solutions to many Problems must: certainiy 
_ await further study. and, in Ferticular, the Preliminary design of the 
vehicle-borne equiment. ge age = =e 
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